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IEPA — Landfill Gas
Management

Introductions
Goals
Logistics
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IEPA — Landfill Gas
Management - Goals

Learn everything you ever
wanted to know about landfill gas

(In 2 Y2 days)

l |
' .‘. @ EarthTeCh A BETTER TOMORROW made possible



IEPA — Landfill Gas
Management

Introductions

+ Charles
LFG Division Manager

charles.elkins@earthtech.com
330-723-4113

+ Mike
LFG Technical Director

mike.niemann@earthtech.com
616-975-4673
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IEPA — Landfill Gas
Management

Logistics
+ Nap time — 1:30 pm
+ No homework!

+ Got Questions?
Please ask!

+ Bonus points If you catch
misspelled words!
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General Topics

Day 1
+ Gas Generation
+ Regulatory Overview

@ EarthTeCh A BETTER TOMORROW made possible
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General Topics

Day 2
+ Gas Migration and Surface Emissions

+ Site Investigations to Assess Landfill
Gas

+ Gas Collection System Design

Collection System Operation /
Monitoring / Reporting
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General Topics

Day 3

+ Collection System Operation /
Monitoring / Reporting

+ Graduation Ceremony
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Let the Fun Begin!
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Gas Generation

Landfill Gas — What Is It?

+ Gaseous by-product of decomposition
of organic materials in sanitary landfills
under anaerobic conditions
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Landfill Gas “Ingredients”

“Sugar and spice and everything
nice”
+ Not exactly!
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LFG Constituents

Major gases
+ Methane (CH,)
+ Carbon Dioxide (CO,)

Trace gases - Hydrogen
Moisture
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Actual Gas Composition

Methane (CH,) 45 to 58 %
Carbon Dioxide (CO,) 35 to 45 %
Oxygen (O,) >11t05 %
Nitrogen (N,) >11t05 %
Hydrogen (H,) >1t05 %
Water Vapor (H,0) >1t05 %
Trace Organics >1 to 3 %

@ EarthTeCh A BETTER TOMORROW made possible
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Primary Characteristics

LFG approx. 50% methane

Methane Is combustible/ explosive
gas

Lower explosive limit (LEL) = 5% CH,
+ Lower — not explosive in air

-,;-__J_'__ Upper explosive limit (UEL) = 15%
["_..T., | CH,
| id + >15 %, too rich to be explosive In air
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Primary Characteristics

Heat content

+ Gas from landfills
Approx. 500 Btu/cu ft
as compared to:

+ Natural gas

Almost entirely CH,
1,000 Btu/cu ft
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Gas Generation

Sources For Constituents

+ Aerobic Decomposition

+ Anaerobic Decomposition

+ Air Leaks

« Alr Intrusion

+ Household hazardous waste
«» Industrial waste
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Gas Generation

Landfill Gas — How Is It formed?

Biochemical Reactions Related To
Organic Material Decomposition
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Conditions Required for
LFG Generation

Organic materials
Moisture

Nutrients

Anaerobic conditions
Anaerobic bacteria

@ EarthTeCh A BETTER TOMORROW made possible
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LANDFILL GAS RECOVERY - CHEMISTRY REVIEW

Anaerobic’ Decompesition of Organic Waste

REFUSE

l
l
I
|
l

Inorganic

(Fatty Acids) Metals
(Sugars) Salts
(Amine Acids) Metal Oxides
(NH3) Silicates

Carbohydrates
Proteins
Lignin

| I T |

I [ Acid | [ Methane I
e | Complex | Formin ' | Organic | Formin | Methane &
] Organics | Bacteria ? | Acids | Bacteria > ! Carbon Dioxide
| 1 [ | |
(First Stage) ' (Second Stage).
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Example - Chemical Pathway

arbohydrates R EE le 05 (Sugar)

Fermentation

2 C0

CE le 06 + | N g * 2 C2 H5 OH (Ethyl Alcohol)

' Hydrolysis
2C, H OH + HZO CH3 COOH (Acetate) + H2

25 >

4

Decarboxylation

CH3 COCH - S CH4 (Methane) + CO2 (Carbon Dioxide)
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Phases ofi Decomposition

Aerobic

Facultative, acid forming
Early methanogenic
Steady methanogenic
Mature, methane depletion
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: FARQUAR AMND ROVERS, 1973,
AS MODIFIED BY REES. 1980, ARD
AUGENSTEIN AMD PACEY. 1991

&) EarthTech
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CELLULOSE, FATTY ACIDS

PHASE | — HOURS TO 1 WEEK
PHASE Il — 1 TO 6 MONTHS
PHASE Il - 3 MONEHS TO 3 YEARS
PHASE ¥ — B TO 40 YEARS
PHASE v - 1 TO 404 YEARS
TOFAL — 10 TO BO+ YEARS
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Gas Generation

Typical duration of phases

Highly variable
+ What are the variables?
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Factors Influencing Gas
Generation

Refuse quantity
Refuse composition
Refuse compaction
Refuse age

Moisture content !!!

«+ Liquid addition / bioreactors
More on this later
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Factors Influencing Gas
Generation

pH and alkalinity
Nutrients

Toxics
Temperature
Other factors

@ EarthTeCh A BETTER TOMORROW made possible
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Factors Influencing Gas
Generation

Alr Intrusion

Methanogens don’t like oxygen

@ EarthTeCh A BETTER TOMORROW made possible
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Gas Generation

 Implications For Design and
Operation
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Gas Generation

» Regulatory Implications

@ EarthTeCh A BETTER TOMORROW made possible
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Generation Rates

How much gas does a landfill
produce?

When does it start producing gas?
How long does it last?

@ EarthTeCh A BETTER TOMORROW made possible
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Modeling biological
decomposition

+ How much gas will a given volume of
trash generate as it decomposes?

Methane Yield Potential (Lo)

1.4to 7.0 cuft/Ib (LFG @50% methane)
Average Landfill: 4.5 cu ft/Ib (LFG @50%
methane)

AP-42: 100 cm methane /Mg — 3.2 cu ft/ Ib
(LFG @50% methane)

@ EarthTeCh A BETTER TOMORROW made possible
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LFG Generation Rates

+ How quickly will it be generated?

First Order Decay Rate Constant (k)

—How much gas a given volume of trash
will generate per year

—Range: 0.07t0 0.27 cuft/Ib /yr
—Average: 0.15cu ft/Ib / yr
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Generation Rates

« Controlling Factors
Moisture

@ EarthTeCh A BETTER TOMORROW made possible

veo Internationa! Lid. Conpany



| OO0
160080 —

16000 —
14000

14000 -

12000 -

12000

10000 16000

8000 HOOK

Leluliin g

VFA concentration {mg/L}

Methanogenic biomass [mg/L]

4000

2{HM)

R et
(O 2000 30 400 SU0 et 700 BDD B0 1060
Time {days]

: U FUUAIN IS Bt e b it S I

o Sislllsss Sl RASA - -

0 10 ZOG 300 400G 500 GO0 700 RO B0 1ong
Time [days]

Fig.3b

o]

A
\G\\\ 0.3
5 \ 0.2 %7/
e S M
o0 200 W0 4N 300 600 T BOHY  WKY 1000
Time [days]
Fig.3c Fig.4

0.4 -

Proportion of SOF

—
L]
£
&n
=
an
5=
=i
E]
=]
ax
=
L
<
o

o 61 02 03 04 05 06 07 06R 09
Effcctive moisture content

Figure 3. Influence of effective moisture content on biodegradation variables: (a) VFA; (b) MB; {c) SOF.

i i ari i i ts.
Figure 4. Proportion of SOF remaining at end of test simulations for various effective moisture conten

“Moisture Effects in a Biodegradation Model for Waste Refuse”, J.R. McDougall and |1.C. Pyrah, Proceedings
Sardinia 1999, Seventh International Waste Management and Landfill Symposium.

&) EarthTech
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Figure 1. Cumulative methane production during batch cxperiments (above) with new waste in
moisture content of 75% ( O ) and with old waste in moisture content of 30% (©), 35%
(A), 40% (%), 55% (O) and 75% () (average of duplicate samples, standard deviation 3-
12%) and lysimeter experiments (below) with new waste in L1 (+), L2, (*), L3 (O) and old

waste in 14 (0), L5, (01 ), L6 (A).

“Influence of waste moisture on methane production And leachate characteristics’, J.P.Y. Jokela, R.H. Kettunen,
SK, Marttinen and J.A. Rintala, Proceedings Sardinia 99, Seventh International Waste Management and Landfill Symposium.
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Generation Rates

Impact Of Cover Systems
Geo-synthetic final cover
Soll final cover
Old/Abandoned landfills
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Generation Rates

Methods For Control
Re-circulation
Bioreactors

@ EarthTeCh A BETTER TOMORROW made possible
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Generation Rates

Implications For Design and
Operation of Gas Systems
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Generation Rates

opH
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Generation Rates

* Microbial population

@ EarthTeCh A BETTER TOMORROW made possible

veo Internationa! Lid. Conpany



Generation Rates

- Methagens vs. Sulfur Reducing
Bacteria

=l
e BRERE @ EarthTeCh A BETTER TOMORROW made possible
& Tyeo Intemationa! Lid. Campany

yeo Intematiana! Lid. |



Generation Rates

» Waste Composition

@ EarthTeCh A BETTER TOMORROW made possible
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LFG Enhancement

Elevated moisture content
Increased moisture throughout
Sludge addition

Leachate recycling

pPH adjustment

l |
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LFG Enhancement (cont.)

Nutrient addition
Organic content
Temperature adjustment
Surface treatments
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MODELING
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Gas Generation Curves

Why do we need them?
What are the input values?
How accurate are they?

@ EarthTeCh A BETTER TOMORROW made possible
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Why Do We Need Gas
Generation Curves?

Regulatory drivers

Gas system design

Gas system evaluations
Beneficial use projects
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Regulatory Drivers for Gas
Generation Curves

‘ler | estimates
Tier |l estimates
Tier |l estimates

@ EarthTeCh A BETTER TOMORROW made possible
& Tyeo Intemationa! Lid. Campany



Gas System Design

Estimated gas flow Is used to:

+ Determine number of wells

+ Size header piping

+ Size flare and energy recovery facility

@ EarthTeCh A BETTER TOMORROW made possible
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Gas Generation Curves -
Applications Gas System

Evaluations
Checking the design of the flare to

»
H’i the landfill’'s expected capacity to
i generate LFG

m Look at the % of the anticipated LFG
that Is actually being extracted

lr
ﬁl , 5] EarthTech
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Gas Generation Curve -
Applications for Beneficial

Use Projects
Used to develop proformas

+ Evaluates the estimated gas generation
over the life of the project

+ Helps project the payback on capital
Investments

+ Helps determine the how many engines
/ turbines / recovery units are needed
year by year over life of project

@ EarthTeCh A BETTER TOMORROW made possible
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Gas Generation Curves —
Input Values

LFG generation rate (k)
+ Cu ft/1b-yr
+ Calculated by experience and region

LFG theoretical production (L)

+ Calculated by experience and region
+ Cu ft/1b

@ EarthTeCh A BETTER TOMORROW made possible
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Optimal recoverable LFG

+ Depends on cover types and collection
system design

+ Typically 65% - 80%

+ But what happens to the other 20 —
35%7

@ EarthTeCh A BETTER TOMORROW made possible

& Tyeo Intemationa! Lid. Campany



Gas Generation Curves —
Input Values

Methane Concentration
+ Use standard 50%

Total disposal tonnage
Site specific

Yearly tonnage
Site specific

@ EarthTeCh A BETTER TOMORROW made possible
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NMOC concentration

Site Specific Testing
USEPA AP-42
WIAC

NSPS default
AsS hexane

Cover factor
Site specific
Destruction efficiency
98%

@ EarthTeCh A BETTER TOMORROW made possible
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Modeling

Pluses and minuses of
various models

+ USEPA, Earth Tech, other
models

@ EarthTeCh A BETTER TOMORROW made possible
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Pluses and Minuses

Minuses

+ Models do not
account
fluctuations over
time for major
vaiables

+ Models do not
account for
delayed onset of
gas generation

&) EarthTech

& Tyeo Intemationa! Lid. Campany

Pluses

+ Provide design
point for gas
system

+ Established a basis
for energy recovery
from landfills
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Model

LANDFILL GAS GENERATION MODEL

-persion Landhll
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Landfill Gas Production
Estimate

Landfill Gas Production Estimate - Epperson Landfill
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_andfill Gas Production
Estimate

Theoretical Gas Production
+ (Upper curve)

Vs.

Recoverable Gas Volume
+ (lower curve)
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_andfill Gas Production
Datasheet

LANDFILL €GAS PRODETCTION D

ppaiton Lasdl

reneraticn Mele
Thasomedical Pocdudine

LG PROOUCED

AP

.

Wk = =33
]

450000

1
1
1
1]

T
A aghin meaTe

A BETTER TOMORROW made possible

& Tyeo Intemationa! Lid. Campany



_andfill Gas Production
Datasheet

LANDFILL GAS PRODEC DATASHEET
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Gas Curve Accuracy.

Only as accurate as the variables
used !

Very little long term evaluations
published to establish accuracy
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Gas Curve Accuracy.

SWANA study determined typical
models can predict methane
production within a factor of 1.5

However, this was for only 80% of
the data, with greater than that for the
remaining 20%

Almost half of the landfills studied
were In California

@ EarthTeCh A BETTER TOMORROW made possible
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Modeling

Theoretical Gas Volumes vs. Actual
Collected Gas Volumes
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Modeling

» Regulatory Implications
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Modeling

» Data Limitations
+ Flow Measurement
+ Gas Quality Measurement
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REGULATORY OVERVIEW




Regulatory Overview

Landfill NSPS / Emission Guideline
(=€)

Title V Permits

Source Construction Permits

New Emission Standards for
Hazardous Air Pollutants for
Municipal Solid Waste Landfills
(NESHAP, MACT)

@ EarthTeCh A BETTER TOMORROW made possible
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Clean Air Act Amendments
1990

New Source Performance Standards
Title V Operating Permit Program
NESHAP and MACT Standards

@ EarthTeCh A BETTER TOMORROW made possible
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Landfill NSPS [ EG

Only real difference is timing for
Implementation

NSPS is applicable for landfills that have
been constructed, reconstructed, or
modified after May 30, 1991 — rule became
enforceable March 12, 1996

EG Is applicable to landfills that accepted
MSW after November 8, 1987 or has
additional design capacity available — rule
became enforceable January 22, 1999

@ EarthTeCh A BETTER TOMORROW made possible
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Rule Detalls

Landfills with a design capacity of 2.5
million cubic meters or Mg must
calculate NMOC emissions

Emission rate of NMOC > =50 Mg
requires gas system

Emission rate of NMOC <50 Mg must
recalculate annually

@ EarthTeCh A BETTER TOMORROW made possible
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Landfill Owner/ Operator
Responsibilities

Design

Installation
Monitoring
Recordkeeping
Reporting
Corrective Actions
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Monthly Wellfield
Monitoring

All wells, every month

Three parameters must be obtained at
EACH WELL: pressure, N2 or O2, and
temperature

Follow-up actions/timeframes required for
non compliant wells

Cover Integrity Survey
Documentation of all activities is required

@ EarthTeCh A BETTER TOMORROW made possible
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Wellhead Monitoring

Temperature

Pressure (gauge pressure in the gas
collection header)

Nitrogen or oxygen content

&) EarthTech
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Wellhead Deviations

Temperature greater than 131
degrees Fahrenheit

Positive static pressure
Oxygen content greater than 5%

l |
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Corrective Actions for
Wells - Time Table

If any exceedance occurs, corrective
action Is to be taken within 5 calendar
days of the Initial reading.

."_'_i
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Corrective Actions for
Wells - Time Table (con't.)

Exceedance must be corrected within
15 calendar days of the Initial
reading.
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Corrective Actions for
Wells - Time Table (con't.)

If the exceedance still exists, the well
fleld must be expanded within 120
days or an alternative timeline/ action
plan Is to be approved by the
administrator.

L
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Surface Monitoring

Quarterly monitoring required

Establish a background
concentration.

Keep the probe inlet within 5 to 10 cm
of the ground, move In a traverse
pattern with a spacing of 30 meters
apart.

|
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Surface Monitoring (con't.)

Any signs of distressed vegetation or

erosion outside of the pattern should
be monitored.

Not required to monitor unsafe areas

|
| l 5] EarthTech
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Surface Monitoring (con't.)

Mark areas with a concentration of
greater than 500 ppm above
background. Record concentration.

If the concentration Is greater than
500 ppm, corrective action must be
Implemented.

Area must be remonitored within 10
days of the initial exceedance.

@ EarthTeCh A BETTER TOMORROW made possible

& Tyeo Intemationa! Lid. Campany



Surface Monitoring (con't.)

If still above 500 ppm, area must be
remonitored within 10 calendar days of the

2hd exceedance If location is still greater
than 500 ppm, a 120 day corrective action

olan must be implemented.
f after the first 10 day remonitoring the

ocation is less then 500 ppm, the location
IS to be monitored within 30 days from the

Initlal exceedance.

@ EarthTeCh A BETTER TOMORROW made possible
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Surface Monitoring (con't.)

30 day remonitoring is less than 500
ppm — no further action.

30 day remonitoring greater than 500
ppm, a 120 day action plan must be
Implemented.

;
L & @ EarthTeCh A BETTER TOMORROW made possible
& Tyeo Intemationa! Lid. Campany



Surface Monitoering Report

Calibration data

Meteorological conditions (Average
temperature, average wind speed,
average wind direction, and skies)

Map of pattern walked

Location and concentration of any
hits and remonitors

@ EarthTeCh A BETTER TOMORROW made possible
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Other NSPS Monitoring

Gas Flow to Control Device
Utility Flares (Flame Present)
Enclosed Flares (Temperature)

Gas Recovery Plants (Temperature
or O, in Exhaust)

;
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Performance test

Control device must tested to
demonstrate compliance

@ EarthTeCh A BETTER TOMORROW made possible
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OVERVIEW

40 CFR Part 63, Subpart AAAA was
promulgated on Jan 16, 2003.

If facility Is subject to NSPS/EG and
required to install a gas collection and
control system, NESHAP will apply.

;
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Reguirements of NESHAP

Requires facilities to operate
collection and control system.

Faclilities must prepare, follow, and
maintain a startup, shutdown,
malfunction (SSM) plan.

Semi-annual reporting of deviations
required.

@ EarthTeCh A BETTER TOMORROW made possible
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Collection/Control System

If the collection system meets the
requirements of NSPS/EG, the
collection and control system meet
NESHAP requirements.

L = @ EarthTeCh A BETTER TOMORROW made possible
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SSM Plan

Goal of SSM Plan is to minimize
downtime and emissions

Must include:

+ Procedures for operating and
maintaining GCCS during SSM events

SOPs, O&M Manuals

+ Corrective actions for malfunctioning
equipment

SSM Plans on file by 1/16/2004

@ EarthTeCh A BETTER TOMORROW made possible
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SSM Plans - Definitions

Start-up / shutdown:

+ Setting Into/cessation of operation of an
affected source or portion of an affected
source for any purpose

@ EarthTeCh A BETTER TOMORROW made possible
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SSM Plan Implementation
and Compliance Issues -

Definitions

Malfunction: any sudden, infrequent
and not reasonably preventable
failure of control, process or
monitoring equipment to operate In
normal manner which causes/has
potential to cause emission
limitations to be exceeded.

@ EarthTeCh A BETTER TOMORROW made possible
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SSM Plan Implementation
and Compliance Issues -

Definitions

Poor maintenance/careless operation
not considered a malfunction

@ EarthTeCh A BETTER TOMORROW made possible
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SSM Plans - Record
Keeping

Document each event/confirm SSM
Plan was followed

+ Checklist, log book

Keep copy of SSM Plan In site file

+ If revise SSM Plan, keep current plus all
old versions for up to 5 years

Not required to submit SSM Plan,
however:

+ Agency can require revisions
@ EarthTeCh A BETTER TOMORROW made possible
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SSM Plan Implementation
and Compliance Issues

Classifying an SSM event

+ Refer to definitions of SSM

+ What if the event is not an SSM?
+ Keep records when in doubt

@ EarthTeCh A BETTER TOMORROW made possible
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SSM Plan Implementation
and Compliance Issues,
(cont’d)

How detailed should the SSM Plan

be?

+ Must cover individual devices

+ SOPs should be open/flexible by design
+ Be clear on what is/is not covered
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SSM Plan Implementation
and Compliance Issues
(con't.)

Exemptions from the Plan

+ Control devices operating on
treated LFG

« Auto flare operations

+ Well/surface emission
exceedances

+ Portable monitoring equipment
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SSM Plan Implementation
and Compliance Issues
(con't.)

Third Party Operators

+ Developers and O&M contractors

+ Contractual obligations

+ Constant and consistent
communication Is key
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Immediate Reporting
Reguirements

Failure to follow SSM Plan and
emission limitation exceeded

+ Report to agency within 2 days of
occurrence

« Written report to agency within 7
days of SSM conclusion
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Reporting Reguirements -
Semiannual

Deviations
» “Bad” monitoring data

+ Combustion temperature deviation
for enclosed combustors

+ No SSM Plan
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Periodic Reporting
Reguirements

Summary of SSM events

Where followed SSM Plan, then
state such In report

Where deviated from SSM Plan,
but N0 emission exceedance,
then identify deviation(s)
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Periodic Reporting
Reguirements

+ Summary of SSM events (cont'd)

Where deviated from SSM Plan
and emission exceedance, then
Include number, duration and
description of each event.

« If revised, then identify changes
made to the SSM Plan
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Periodic Reporting
Requirements

Semi-Annual NSPS Report
+ 40 CFR60.757(f) data

Can combine SSM and NSPS
reports
«+ First report due July 30, 2004

@ EarthTeCh A BETTER TOMORROW made possible
& Tyeo Intemationa! Lid. Campany



Gas Migration and
Surface Emissions
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Why Did The Landfill Gas
Cross The Road?

Because It was the path of least

resistance
Gas Is lazy.

It always follows the path of least

resistance.

=
) L-_?? © EarthTech
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Mechanisms of Gas
Movement

+ Convection (pressure gradients)
« Diffusion
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Surface Emissions and
Odors
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Surface Emissions and
Odors

» Causes
+ Data Limitations
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Regulatory Implications
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Corrective Actions

- Well Adjustments
* New Wells
» Other Systems
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Offsite Migration

Typical Migration Pathways
+ Sand seams

+ Utilities

+ Other
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Where To Look For
Migration

Techniqgues To Investigate Migration
+ Permanent Bore

+ Bar Punch

+ Hydraulic Punch
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Out-of-Refuse
Probe Monitoring
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Why Monitor Gas Probes?

Monitor for lateral (subsurface) LFG
migration

+ Determine If a pattern of LFG migration
exists

+ Determine the extent of any LFG migration

+ Determine if any explosive gas hazard is
present

+ Evaluate effectiveness of LFG system
operation
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Why do we have gas probe
monitoring?

Protect the human health and the
environment

Fulfill and document regulatory
compliance

+ Explosive gas monitoring plans
+ Subtitle D monitoring
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Types of Probes

« Temporary barholes
» Permanent installations
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Probe Monitoring
Procedures

Record the following:
+ Name of technician

+ Date and time

+ Ambient temperature
+ Weather conditions

+ Atmospheric pressure
+ Probe ID and location
+ Slot interval depth
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Probe Monitoring
Procedures

Record the following:
+ 1) Probe pressure

+ 2) Methane %, O, %
+ 3) Liquid level
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Probe Monitoring

Which Is more important?

Initial reading or after meter reaches
equilibrium?
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Things to Watch Out For

Liquid
Interva
. High

evels above the screen

Iquids may block screen

Loss of probe depth

+ Due to silting

+ May need probe replaced
Damage to probe casing
+ Vandalism
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Sources of Gas In Probes

Naturally Occurring Methane
+ Coal Bed Methane

+ Swamp / Wetland

+ Peat deposit

Natural Gas Pipelines and other man-
made sources

Landfill
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Ways to Distinguish
Between Landfill Gas and
Other Methane

ldentifying halogenated compounds
— not typically present in natural
sources (especially freons)

Isotope analysis
Establish gradient from source

5] EarthTech
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Combustible
Gas Monitor
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Other Types of Explosive
Gas Monitoring

Building monitors
+ Slerra monitors

+ Personal detectors
MSA / Passport
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ldentifying The “Problem
Area” of the Landfill

l.e., the source of the migration

Migration on the west side of the
landfill indicates a problem on the
west side, right?

+ Not necessarily

+ Geologic factors

+ Sand seams beneath landfill

+ Gradients
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Fixing the Migration

Assess the risk

Modified Tuning Strategy
New Extraction Wells
Cut-off systems
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Site Investigations to Assess
- Landfill Gas




Site Investigations to
Assess Landfill Gas

Methods
Data Interpretation

Venting and Collection System
Decisions
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What to do?

Abandoned landfill
No base liner or leachate collection

No records regarding:

+ Waste depth

+ Waste type (C&D, MSW, etc.)
+ Site geology

General idea of waste age
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What to do?

Subdivisions have sprouted on two
sides of the landfill

+ With basements
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How to Assess the Risk
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The Plan
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Estimate the Current Gas
Generation
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Check the Geology

» Look for pathways

@ EarthTeCh A BETTER TOMORROW made possible
Tyeal ational Lid. Campany

& Tyea Intematianal Lid. |



Field Methods to Check for
Gas Migration

Borings

Geoprobes

VSI's

Barhole probes

At property line and off-site?
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Fleld Data to Collect

Geologic info
Gas constituents
Gas pressures
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Getting the Most Bang for
Your Buck

(figuratively, not literally)
Geoprobes and VSI's
Get good data!
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Data Interpretation —
What's It All Mean?

nterpreting methane concentrations
nterpreting pressure
dentifying pathways

Assessing risk to human health and
the environment
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Making Some Decisions

What's Needed to Protect Human
Health and the Environment?

What's most cost effective?
Active System?

Passive System?

Barrier System?

Basement monitors?
Nothing?
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Passive System

System that relies on pressure or
concentration gradients to function

+ Vertical vents, gravel trenches
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Active System

System that includes a prime mover
that creates a vacuum on the landfill

+ Vertical gas wells
+ Horizontal collectors
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Barrier System

Slurry wall

Engineered Barrier
+ Geosynthetics vibrated into a trench

@ EarthTeCh A BETTER TOMORROW made possible

& Tyeo Intemationa! Lid. Campany



Basement Monitors

@ EarthTeCh A BETTER TOMORROW made possible
& Tyeo Intemationa! Lid. Campany



=

Measure

Passive
Active

Barrier
Basement Monitors

Nothing
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v Pluses and Minuses

Pluses Minuses
Low cost Small zone of
Influence
More effective than Higher capital cost
passive and operating cost
Effective, IF High Cost
barrier is complete Requires more

geologic investigation

Monitoring at the site  Higher risk.

of the risk. Politically unpopular
Low cost
Lowest cost Higher risk.
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Summary

Not every site needs active gas
collection

Do some investigation, assess the

rs
Im

K

nlement in phases?

+ Start with probes or building monitors

+ Add additional measures based on
results
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